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Epidermal Langerhans cells (LC) possess a plasma membrane 
Mg++- or Ca++-dependent ecto-ATPase (rnATPase), the 
function of which is not known. On the other hand, extra-
cellular ATP (ATPo ) has been shown to cause a rapid increase 
in cell-membrane permeability for selected cells, thus induc-
ing the entry of exogenous substances, leading eventually to 
cell death. A TP 0 has also been shown to be a mediator of T 
cell- mediated cytotoxicity. We have observed human LC to 
E pidermal Langerhans cells (LC) possess on their cell membrane a formalin-resistant ATPase activity that has been extensively utilized as a histochemical marker both in situ and in epidermal cell suspensions [1,2]' Similar plasma membrane nucleotidase act,ivity has been demon-
strated in many cell types, including endothelial cells, neutrophils, 
T lymphocytes, macrophages, and hepatocytes. This ATPase is an 
ecto-enzyme (i.e., its active site faces the extracellular side of the 
plasma membrane), it requires Mg++ or Ca++ for activation, it is not 
inhibited by established inhibitors of ion-translocating ATPases, 
and it lacks substrate specificity (i. e., it can hydrolyze different nu-
cleotides) [3 ,4]. 
The function of this ecto-nucleotidase is not known; however, 
several hypotheses have been proposed. It may hydrolyze ATP 0 ' 
thus terminating its action on purinergic receptors or its permeabi-
lizing activity. It may act in concert with 5'-nucleotidase to pro-
mote transformation of A TP 0 into adenosine that can then be recap-
tured by cells or trigger adenosine receptors. In addition, 
ecto-ATPase in rat hepatocytes has been identified as a member of 
the immunoglobulin superfamily of cell-adhesion molecules, thus 
suggesting the possibility that ecto-ATPase and ATP 0 may be in-
volved in intercellular adhesion [5] . 
ATP 0 profoundly affects several cellular functions as well as cell-
membrane properties. In susceptible cells, ATP 0 can induce a rapid 
increase in membrane permeability, allowing molecules ofless than 
900 daltons to enter the cytoplasm, eventually inducing cell lysis 
[6] . ATPo has also been shown to be a mediator ofT cell - mediated 
cytotoxicity [7]. Resistance of certain cells to the permeabilizing 
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Abbreviations: 
ATPo : extracellular adenosine triphosphate 
AMP-PNP: adenosine 5' -{fl,r-imido)triphosphate 
FSBA: 5' -p{fluorosul fonyl)benzoyladenosine 
LC: Langerhans cells 
PI: propidium iodide 
UV: ultraviolet 
be resistant to the permeabilizing effects of A TP 0 when com-
pared to cultured human keratinocytes and ]774 macro-
phages. In addition, our preliminary evidence in vitro sug-
gests that rnA TPase on LC may provide protection against 
the lytic effects of ATP o ' Finally, we propose that this latter 
mechanism may also operate in vivo. ] Invest Dermatol 
99:18S-19S, 1992 
effects of A TP 0 has been attributed to the presence in these cells of 
ecto-ATPases that can rapidly inactivate ATP 0 [8] . 
We have evaluated the sensitivity of human epidermal LC to the 
permeabilizing effects of ATP o' We have also tested the hypothesis 
that membrane ATPase on epidermal LC serves a protective func-
tion against ATP o-induced permeabilization. * Using propidium io-
dide (PI) as an indicator of membrane permeabilization, we have 
shown ATP 0 to permeabilize a low percentage of human LC «25% 
after 30 min) . By contrast, cultured human keratinocytes and ]774 
macrophages were markedly more susceptible to the permeabilizing 
effects of ATP (>50% after 30 min). The permeabilizing activity of 
ATP 0 was dependent on the dose of ATP; this activity reached a 
plateau after 30 min of incubation and was not detectable when the 
temperature of the medium was lowered to 0.5°C. The non-hydro-
lyzable ATP-analog, adenosine 5' -(!J,Y-imido )triphosphate (AMP-
PNP), also showed permeabilizing activity; by contrast, other nu-
cleotides were unable to induce permeabilization. The ful1y ionized 
ATp4- appeared to be the active ATP species, because membrane 
permeabilization occurred only when medium pH was greater than 
7. Removal of divalent cations by adding EDT A markedly increased 
ATP-induced permeabilization, whereas addition of Mg++ partially 
prevented this increase. After short-term (24 - 48 h) culture, LC 
exhibited higher ATP-induced permeabilization compared to 
freshly isolated LC; however, cultured LC also displayed parallel 
augmentation of background permeabilization, indicating that 
short-term culture does not alter sensitivity of LC to this ATP effect 
(Table I). 
Effects of two types of inhibitors for membrane ATPase, lantha-
nides (lanthanum and cerium), and the adesonin analog 5'-p(fluoro-
sulfonyl)benzoyladenosll1e (FSBA) were also examined. Either of 
these substances inhibited ATPase staining of LC in human epider-
~al sheets an? markedly augmented ATP-induced permeabiliza-
tlOn of LC (Fig 1). These results strongly support the notion that 
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A, Cruz PD Jr: In vitro evidence for a protective role of membrane ATPase 
on epidermal Langerhans cells against the permeabilizing effects of exoge-
nous ATP (submitted). 
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Table I. Effects of Various Experimental Conditions on 
the Permeabilizing Effects of A TP on Epidermal LC 
Experimental Conditions' 
c:Icured keratinocytes 
ATP 10 mM 
J774 macrophages 
ATP 10 mM 
Freshly isolated LC 
NoATP . 
ATP 10 mM (0.5°C, 30 mm) 
ATP 10mM 
ADP, AMP, GTP, UTP 10 mM 
AMP-PNP 10 mM 
ATP 10 mM 
pH 5.0 
pH 6.0 
pH 7.0 
pH 8.0 
ATP 10 mM + EDTA 10 mM 
ATP 10 mM +EDTA 10 mM + 
10 mM MgS04 
culrured (48 h) LC 
NoATP 
ATP lOmM 
Percent (± SEM) of Cells Stained 
by Propidium Iodide' 
46.9 ± 4.2 
57.8 ± 3.7 
0.60 ± 0.3 
1.40 ± 0.5 
21.7 ± 1.6 
<4 
22.9 ± 3.4 
0.40 ± 0.3 
2.60 ±0.5 
7.70 ± 1.3 
24.3 ± 2.3 
84.7 ± 5.4 
39.2 ± 4.2 
11.7 ± 2.4 
32.8 ± 3.2 
--: Cultured human keratinocytcs, J 774 l1lo~se macrophages, orcultured freshly pro-
d human epidermal cell suspensIon ennched for LC were mcubated (30 tnln at 
cur;,eC nless otherwise stated) with ATP, and then PI (25 JiM) was added. Thereafter, 3711 ,u re immediately analyzed under a fluorescent microscope. 
ce ~ ~:::neabi lized cells appeared as cells w.ith red fluorescent nucleus. LC were identi-
fi db taining with FITC-COl~ugated antl- HLA-DR or antI-CD I a monoclonal antt-b;dy.y~herefore, permeabilized LC appeared as membrane green fluorescent cells with 
red fluorescent nucleI. 
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Figure 1. Pre-incubation with FSBA increases ATP o-induced permeabili-
zation of LC. Freshly isolated LC were preincubated at O.SoC with 1 mM 
FSBA in 1 % DMSO (II), 1 % DMSO (4), or 1 111M FSBA plus 10 mM ATP 
(0). After 30 min, cells were washed, 10 ~ ATP was ad~ed, and. the cells 
were incubated further (0 -60111111) at 37 C. Cells pre-1I1cubatlon wIth 
FSBA alone induced augmented PI uptake, whereas pre-treatment with 1 % 
DMSO alone or with FSBA inl% DMSO plus ATP had no effect. 
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membrane ATPase is involved in protecting LC against the per-
meabilizing effects of ATPQ • The mechanism(s) by which ATP 
opens pores in plasma membranes is not fully understood. In]77 4 
macrophages, ATPo induces expression of mRNA and protein for 
connexin-43, a component of gap junction channels, suggesting 
that this protein is responsible for mediating the permeabilizing 
activity of ATP 0 (9]. Connexin-43 has been identified in the plasma 
membrane of rat and human keratinocytes [10], but its presence has 
not yet been investigated in LC. 
ATP is a ubiquitous intracel lular component and, thus, any cell 
could potentially serve as a source of A TP 0' following membrane 
damage . In addition, there are cell types known to contain high 
amounts of A TP and to secrete A TP in a regulated manner; these 
cells include platelets, sensory neurons, adrenal chromaffin cells, 
and cytotoxic T lymphocytes [6]. An important source of ATPQ in 
epiderm.is may be keratinocytes damaged by a variety of insults, 
including UVB radiation. Because membrane ATPase activity on 
LC is lost following UVB radiation (11], UVB-exposed LC may 
therefore become extremely prone to lytic effects of ATP 0 released 
by UVB-damaged epidermal cells. 
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